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Abstract: Previous studies have demonstrated the efficacy of ultrasonography to assess
subcutaneous adipose tissue, cross-sectional area (CSA), and grayscale for muscle. The
purpose of the present study was to examine the sex-related differences in subcutaneous
adipose tissue, as well as cross-sectional area and grayscale for the rectus femoris (RF) and
vastus lateralis (VL). Five recreationally trained males (mean ± SD: age= 25.6 ± 1.9 years;
height= 182.29 ± 5.88 cm; body mass= 84.67 ± 9.88 kg) and five recreationally trained
females (mean ± SD: age= 21 ± .71 years; height= 162.71 ± 12.41 cm; body mass= 77.02 ±
14.91 kg) visited the laboratory on two separate occasions. B-mode and panoramic
ultrasound images were captured for the left and right legs of each participant.
Independent samples t-tests and mixed factorial analysis of variance (ANOVA) were used
to analyze sex- and leg-related differences. The results demonstrated that females (0.64 ±
0.11 cm; 0.56 ± 0.06 cm) had a significantly greater amount of subcutaneous adipose tissue
than males (1.28 ± 0.22 cm; 1.22 ± 0.16 cm). Additionally, males (27.48 ± 4.32 cm2; 28.19 ±
4.65 cm2) had a significantly greater cross-sectional area for the VL than females (22.37 ±
1.66 cm2; 22.85 ± 0.92 cm2). Cross-sectional area for the RF and grayscale for the RF and
VL demonstrated no significant sex-related differences. Thus, the results of the present
study using ultrasonography demonstrated sex-specific differences in subcutaneous
adipose tissue and CSA for the RF and the VL.
Keywords: ultrasonography, rectus femoris, vastus lateralis, subcutaneous adipose tissue,
cross-sectional area, grayscale
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Introduction
Ultrasonography is an indirect method of assessing body composition that utilizes
ultrasonic waves to produce an image that varies in light intensity based on tissue density
(Ahtiainen et al. 2009). The use of ultrasonography has been demonstrated to reliably
assess subcutaneous adipose tissue thickness (Ryan et al. 2016), cross-sectional area (CSA)
(Ahtiainen et al. 2009; Rosenberg et al. 2014), and grayscale (Rosenberg et al. 2014; Ryan
et al. 2016). B-mode ultrasonography utilizes a linear array probe to emit ultrasonic sound
waves (> 20 kHz) which reflect from the underlying tissues such as connective tissue,
adipose tissue, and muscular tissue at different intensities. The use of panoramic
ultrasound images in addition to B-mode images has allowed for accurate assessments of
CSA and muscle quality (Rosenberg et al. 2014).
Subcutaneous adipose tissue is the layer of adipose cells located beneath the skin
(Mittal 2019) and its measurement provides insight into the individual’s body composition
(Ryan et al. 2016). Greater amounts of adiposity has been demonstrated to increase one’s
risk of developing cardiovascular disease and insulin resistance (Bredella 2017). Crosssectional area is the total surface area of a muscle when it is viewed perpendicular to the
direction of the muscle fibers (Lexell and Downham 1992) and is highly influenced by the
lifestyle of the individual. Specifically, highly trained individuals have been reported to
have greater muscular CSA than untrained individuals (Roelofs et al. 2017). Crosssectional area in athletes is important because it leads to greater power and force
production in their sport (Roelofs et al. 2017). Grayscale is a value that describes the
quality of a muscle, and it is determined by the ratio of muscle to non-muscle in the
ultrasound image (Watanabe et al. 2013). It has been demonstrated that greater echo
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intensity results in a higher grayscale value on an ultrasound image of skeletal muscle (Pillen
and Alfen 2011). Thus, individuals exhibiting higher echo and lower quality muscles have
shown lower force and power production capabilities (Roelofs et al. 2017).
Ultrasonography has been used to assess sex-related differences in body
composition (Yoshiko et al. 2018). Specifically, practitioners have examined sex-related
differences and the responses to training programs such as changes in adipose tissue and muscle
size (Roelofs et al. 2017). Therefore, the purpose of the present study was to examine sexand leg-related differences regarding subcutaneous adipose thickness, CSA, and grayscale
for the RF and VL. Based on the results of previous studies (Leahy et al. 2012; Roelofs et al.
2017; Stock et al. 2020; Yoshiko et al. 2018), it was hypothesized that females would have a
significantly greater subcutaneous adipose tissue thickness than males, and males would
have a significantly greater CSA and grayscale than females.

Materials and Methods
Participants
Five males (mean ± SD: age= 25.6 ± 1.9 years; height= 182.29 ± 5.88 cm; body mass= 84.67
± 9.88 kg) and five females (mean ± SD: age= 21 ± .71 years; height= 162.71 ± 12.41 cm;
body mass= 77.02 ± 14.91 kg) volunteered to participate in this study. All ten subjects
were recreationally trained and regularly participated in resistance training. The subjects
came to the lab on two separate occasions in order to assess test retest reliability. Prior to
participation, the subjects acknowledged participating in the study through verbal consent.
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Ultrasonography
A LOGIQ ultrasound imaging device (GE Healthcare UK, Chalfont, Buckinghamshire, UK)
was used to measure subcutaneous adipose thickness, CSA, and grayscale of the vastus
lateralis (VL) and the rectus femoris (RF) of both thighs. Ultrasound brightness (B-mode)
was set to 56 dB at a depth of 6 cm and a sampling frequency of 10 MHz. A measuring tape
was used to measure 75% of the distance from anterior superior iliac spine to the superior
lateral border of the patella. A permanent marker was used to ensure that image sites were
consistent between days and subjects. A panoramic ultrasound image was taken from the
lateral border of the VL to the medial border of the RF. After all images were recorded,
ImageJ (Java, Redwood City, CA, USA) was utilized to analyze the ultrasound
images. Subcutaneous adipose thickness was measured as the average of 3 measurements
taken from different points on the ultrasound image. Cross-sectional area and grayscale
were assessed using the polygon function in ImageJ by tracing the outermost border of the
VL and the RF from the panoramic images.
Statistical Analysis
Test-retest reliability between day 1 and day 2 data were assessed with a paired sample ttest. If reliability was demonstrated, measurements for those variables were collapsed
between days. A 2 (Sex) x 2 (Leg [right, left]) mixed factorial analysis of variance (ANOVA)
was utilized to determine mean differences for subcutaneous adipose thickness, CSA, and
grayscale of the VL and RF. Follow-up post-hoc pairwise comparisons were utilized for
further analysis. Measures of effect for the mixed factorial ANOVAS and paired sample ttests were determined by partial eta squared (ηp2) and Cohen’s d, respectively. All
statistical analyses were conducted using Data Analytics on Microsoft Excel (Microsoft,
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Redmond, WA, USA). Significance was considered an 𝛼 of p < 0.05 for all statistical
analyses.
Results
Reliability
Table 1. Mean ± SD of subcutaneous adipose thickness, cross-sectional area, and grayscale for the right leg
across visits.
Day 1

Day 2

Subcutaneous Adipose
Tissue (cm)

1.28 ± 0.20

1.27 ± 0.27

RF CSA (cm2)

5.66 ± 1.13

5.56 ± 1.31

VL CSA (cm2)

22.34 ± 2.08

22.41 ± 1.40

RF Grayscale (au)

44.23 ± 7.91

43.15 ± 9.81

VL Grayscale (au)

51.63 ± 5.44

52.29 ± 6.65

Subcutaneous Adipose
Tissue (cm)

0.61 ± 0.10

0.66 ± 0.08

RF CSA (cm2)

6.42 ± 2.39

6.62 ± 2.40

VL CSA (cm2)

27.84 ± 4.04

27.11 ± 4.68

RF Grayscale (au)

50.88 ± 10.46

48.05 ± 10.86

VL Grayscale (au)

54.99 ± 5.29

54.83 ± 3.78

Female

Male

VL= vastus lateralis; RF= rectus femoris; CSA=cross-sectional area; au= arbitrary units
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For the left Leg subcutaneous adipose thickness for females, day 1 (1.23 ± 0.14 cm)
and day 2 (1.22 ± 0.18 cm) demonstrated no significant differences (p = 0.47, d = 0.05;
Table 1). For the right Leg subcutaneous adipose thickness for females, day 1 (1.28 ± 0.19
cm) and day 2 (1.27 ± 0.26 cm) demonstrated no significant differences (p = 0.06, d = 0.04;
Table 1). For the left Leg VL CSA for females, day 1 (22.45 ± 1.31 cm2) and day 2 (23.26 ±
1.13 cm2) demonstrated no significant differences (p = 0.16, d = 0.67; Table 1). For the
right Leg VL CSA for females, day 1 (22.33 ± 2.08 cm2) and day 2 (22.41 ± 1.40 cm2)
demonstrated no significant differences (p = 0.47, d = 0.04; Table 1). For the left Leg RF
CSA for females, day 1 (5.32 ± 0.99 cm2) and day 2 (5.31 ± 1.04 cm2) demonstrated no
significant differences (p = 0.49, d < 0.01; Table 1). For the right Leg RF CSA for females,
day 1 (5.66 ± 1.13 cm2) and day 2 (5.57 ± 1.31 cm2) demonstrated no significant differences
(p = 0.45, d = 0.07; Table 1). For the left Leg VL grayscale for females, day 1 (55.75 ± 5.73
au) and day 2 (54.62 ± 6.21 au) demonstrated no significant differences (p = 0.39, d = 0.19;
Table 1). For the right Leg VL grayscale for females, day 1 (51.63 ± 5.45 au) and day 2
(52.29 ± 6.65 au) demonstrated no significant differences (p = 0.43, d = 0.11; Table 1). For
the left Leg RF grayscale for females, day 1 (43.15 ± 9.81 au) and day 2 (44.95 ± 6.92 au)
demonstrated no significant differences (p = 0.37, d = 0.21; Table 1). For the right Leg RF
grayscale for females, day 1 (44.23 ± 7.91 au) and day 2 (43.15 ± 9.81 au) demonstrated no
significant differences (p = 0.43, d = 0.12; Table 1).
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Table 2. Mean ± SD of subcutaneous adipose thickness, cross-sectional area, and grayscale for the left leg
across visits.
Day 1

Day 2

Subcutaneous Adipose
Tissue (cm)

1.28 ± 0.20

1.27 ± 0.27

RF CSA (cm2)

5.66 ± 1.13

5.56 ± 1.31

VL CSA (cm2)

22.34 ± 2.08

22.41 ± 1.40

RF Grayscale (au)

44.23 ± 7.91

43.15 ± 9.81

VL Grayscale (au)

51.63 ± 5.44

52.29 ± 6.65

Subcutaneous Adipose
Tissue (cm)

0.61 ± 0.10

0.66 ± 0.08

RF CSA (cm2)

6.42 ± 2.39

6.62 ± 2.40

VL CSA (cm2)

27.84 ± 4.04

27.11 ± 4.68

RF Grayscale (au)

50.88 ± 10.46

48.05 ± 10.86

VL Grayscale (au)

54.99 ± 5.29

54.83 ± 3.78

Female

Male

VL= vastus lateralis; RF= rectus femoris; CSA=cross-sectional area; au= arbitrary units

For left Leg subcutaneous adipose thickness for males, day 1 (0.55 ± 0.05 cm) and
day 2 (0.56 ± 0.12 cm) demonstrated no significant differences (p = 0.36, d = 0.23; Table
2). For the right Leg subcutaneous adipose thickness for males, day 1 (0.61 ± 0.09 cm) and
day 2 (0.66 ± 0.07 cm) demonstrated no significant difference (p = 0.17, d = 0.64; Table
2). For the left Leg VL CSA for males, day 1 (28.22 ± 4.57 cm2) and day 2 (28.15 ± 4.57 cm2)
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demonstrated no significant differences (p = 0.49, d = 0.01; Table 2). For the right Leg VL
CSA for males, day 1 (27.84 ± 4.04 cm2) and day 2 (27.11 ± 4.68 cm2) demonstrated no
significant differences (p = 0.40, d = 0.17; Table 2). For the left Leg RF CSA for males, day 1
(6.47 ± 2.10 cm2) and day 2 (6.64 ± 2.15 cm2) demonstrated no significant differences (p =
0.45, d = 0.08; Table 2). For the right Leg RF CSA for males, day 1 (6.42 ± 2.39 cm2) and day
2 (6.62 ± 2.40 cm2) demonstrated no significant differences (p = 0.45, d = 0.08; Table
2). For the left Leg VL grayscale for males, day 1 (54.90 ± 4.91 au) and day 2 (56.55 ± 6.13
au) demonstrated no significant differences (p = 0.33, d = 0.30; Table 2). For the right Leg
VL grayscale for males, day 1 (55.00 ± 5.29 au) and day 2 (54.83 ± 3.78 au) demonstrated
no significant differences (p = 0.48, d = 0.04; Table 2). For the left Leg RF grayscale for
males, day 1 (50.05 ± 12.37 au) and day 2 (51.36 ± 10.43 au) demonstrated no significant
differences (p = 0.43, d = 0.11; Table 2). For the right Leg RF grayscale for males, day 1
(50.88 ± 10.46 au) and day 2 (48.05 ± 10.87 au) demonstrated no significant differences (p
= 0.34, d = 0.27; Table 2).
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Subcutaneous Adipose Thickness
Table 3. Mean ± SD of subcutaneous adipose thickness, cross-sectional area,
and grayscale.
Male

Female

Right Leg

0.64 ± 0.11 *

1.28 ± 0.22

Left Leg

0.56 ± 0.06 *

1.22 ± 0.16

Right VL

27.48 ± 4.32 ^

22.37 ± 1.66

Left VL

28.19 ± 4.65 ^

22.85 ± 0.92

Right RF

6.52 ± 2.38

5.61 ± 1.22

Left RF

6.55 ± 2.12

5.31 ± 0.99

Right VL

54.91 ± 4.37

51.96 ± 5.94

Left VL

55.73 ± 5.39

55.18 ± 5.86

Right RF

49.47 ± 10.51

43.69 ± 8.61

Left RF

50.71 ± 11.31

44.05 ± 8.30

Subcutaneous Adipose Thickness (cm)

Cross-Sectional Area (cm )
2

Grayscale (au)

VL= vastus lateralis; RF= rectus femoris; au= arbitrary units; * Indicates a significant (p < 0.05)
differences between males and females for left and right subcutaneous adipose thickness;
^ Indicates a significant (p < 0.05) difference between males and females for left and right vastus
lateralis cross-sectional area.

The 2 (Sex) x 2 (Leg [right, left]) mixed factorial ANOVA demonstrated a significant
(p < 0.01, ηp2 = 0.85) Sex by Leg interaction (Table 3). Follow-up post-hoc pairwise
comparison demonstrated that for the left Leg, females (1.22 ± 0.16 cm) had a significantly
greater (p < 0.01, d = 5.41; Table 3) subcutaneous adipose thickness than males (0.56 ±
0.08 cm). For the right Leg, females (1.28 ± 0.22 cm) had a significantly (p < 0.01, d = 3.73;
Table 3) greater subcutaneous adipose thickness than males (0.59 ± 0.07 cm).
Cross-Sectional Area
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For the VL, the 2 (Sex) x 2 (Leg [right, left]) mixed factorial ANOVA demonstrated a
significant (p < 0.01, ηp2 = 0.44) Sex by Leg interaction (Table 3). Follow-up post-hoc
pairwise comparison demonstrated for the left Leg VL, males (28.19 ± 4.65 cm2) had a
significantly greater CSA than females (22.85 ± 0.92 cm2; p = 0.03, d = 1.59; Table 3). For
the right Leg VL, males (27.48 ± 4.32 cm2) had a significantly greater CSA than females
(22.37 ± 1.66 cm2; p = 0.03, d = 1.55; Table 3). For the RF, the 2 (Sex) x 2 (Leg [right, left])
mixed factorial ANOVA demonstrated no significant interactions (p = 0.20, ηp2 = 0.10) or
main effects for Leg (p = 0.84, ηp2 < 0.01) and Sex (p = 0.87, ηp2 < 0.01; Table 3).
Gray Scale
For the VL, the 2 (Sex) x 2 (Leg [right, left]) mixed factorial ANOVA demonstrated no
significant interactions (p = 0.48, ηp2 = 0.03) or main effects for both Leg (p = 0.63, ηp2 =
0.01) and Sex (p = 0.42, ηp2 = 0.04; Table 3). For the RF, the 2 (Sex) x 2 (Leg [right, left])
mixed factorial ANOVA demonstrated no significant interactions (p = 0.17, ηp2 = 0.11) or
main effects for Leg (p = 0.92, ηp2< 0.01) and Sex (p = 0.86, ηp2 < 0.01; Table 3).
Discussion
The purpose of the present study was to examine the sex- and leg-related
differences in subcutaneous adipose thickness, CSA, and grayscale for the VL and RF
muscles using ultrasonography. The results of the present study found that there was no
day to day systemic error, demonstrating reliability in ultrasound measurements for the
right leg (Table 1) and left leg (Tables 2). Therefore, the values were collapsed across days
for subsequent analyses. The findings of the present study demonstrated that females
exhibited a greater subcutaneous adipose thickness than males, and males exhibited a
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greater CSA for the VL than females (Table 3). There were no significant sex-differences,
however, in the CSA for the RF and the grayscale for the VL and the RF.
The present study demonstrated that females had a significantly greater amount of
subcutaneous adipose than males (Table 3). Previous studies have used ultrasonography
to measure subcutaneous adipose thickness of the RF (Ryan et al. 2016; Yoshiko et al.
2018) and the VL (Chiaramonte et al. 2019). Yoshiko et al. (2018) demonstrated that
females (0.76 ± 0.35 cm) had a greater amount of subcutaneous adipose for the RF than
males (0.69 ± 0.18 cm) by using B-mode ultrasonography. Leahy et al. (2012) also
demonstrated that females had greater amounts of subcutaneous adipose tissue than males
at the triceps brachii, iliac crest, abdomen, anterolateral thigh, and medial calf. Thus, the
findings of the present study were generally consistent with previous studies that have reported
greater adiposity in females when assessed via ultrasonography.
Previous studies have demonstrated that fat distribution can be used to predict the
probability for developing metabolic risk factors such as cardiovascular disease, metabolic
syndrome, and insulin resistance (Bredella 2017). A greater distribution of adipose tissue
across the gluteal and femoral regions has been classified as a gynoid body shape, which is
commonly exhibited in females (Bredella 2017; Karastergiou et al. 2012). Subcutaneous
and deep visceral adipose tissue distributed within the abdominal region has been
classified as an android body shape; it is commonly exhibited in men and has been
associated with greater risk for cardiovascular disease (Bredella 2017). Karastergiou et al.
(2012) demonstrated that females with an accumulation of gynoid adipose tissue
distribution had a better lipid profile when compared to males of the same age range with
android adipose tissue distribution (Wang, Magkos, and Mittendorfer 2011). The American
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College of Sports Medicine (2014) suggested that individuals with an android body shape,
regardless of sex, have higher risk of cardiometabolic diseases. Thus, the results of the
present study that demonstrated females exhibited more subcutaneous adipose tissue than males
may be explained by sex-specific differences in adipose deposition. Future studies should
examine whether site-specific adipose measurements utilizing ultrasonography can be used to
make inferences regarding adipose distribution and the relative risk for metabolic diseases.
The present study demonstrated that males had a significantly greater CSA for the
VL than females (Table 3). The use of panoramic ultrasonography, an indirect measure of
muscle function in relation to strength and force capabilities (Roelofs et al. 2017), has been
shown to reliably assess CSA for males and females. Previous studies (Carbuhn et al. 2010;
Roelofs et al. 2017) have demonstrated a positive correlation between CSA and the force
production capability for the VL. Noorkoiv, Nosaka, and Blazevich (2010) determined that
ultrasonography provided a valid and reliable measure of CSA in the quadriceps when
compared to computed tomography assessments. The CSA of a muscle provides insights
regarding the size and number of muscle fibers within the muscle (Lexell and Downham
1992). Roelofs et al. (2017) claimed that resistance trained males had a greater CSA of the
VL (38.7 ± 6.6 cm2) than similarly trained females (31.5 ± 6.2 cm2). Thus, the results of the
present study would suggest a better training status in males when compared to females.
However, these findings may also be attributed to sex-specific differences in muscles size
due to training.
The present study demonstrated that there were no significant differences in
grayscale values between males and females for the RF and the VL (Table 3). Grayscale
measurements utilized the contrast in echo intensity to indicate muscle quality.

13
Specifically, brighter echo intensity indicates lower muscle quality with greater amounts of
connective and adipose tissue (Pillen and Alfen 2011; Stock et al. 2020). When analyzing
the grayscale of the quadricep muscles, Roelofs et al. (2010) demonstrated that there was a
negative correlation between the grayscale and fat free portion of the muscle. Therefore, it
has been shown that a muscle with lower echo intensity has more power and force
capabilities due to an increased amount of muscle fibers (Roelofs et al. 2017). Thus, in
athletes, lower grayscale should be associated with greater sport performance than those
with a higher grayscale. The results of the present study were not consistent with previous
studies (Roelofs et al. 2017; Stock et al. 2020) that demonstrated significant differences in
the grayscale of males and females. The similar grayscale values between males and
females in the present study may be due to the similar modalities of resistance training
among the participants.

Conclusion
The purpose of the present study was to characterize the sex-related differences in
subcutaneous adipose thickness, as well as CSA and grayscale of the VL and RF. The results
of the present study demonstrated that the subcutaneous adipose tissue thickness was
significantly greater for females than males. Additionally, the CSA of the VL was
significantly in males than females. The CSA for the RF and grayscale for the VL and RF,
however, exhibited no sex-related differences. Ultrasonography can be used in future
studies to fully elucidate sex-specific differences in training adaptations to body
composition including subcutaneous adipose tissue thickness, muscle size, and muscle
quality.
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